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Beedenue. Conoctapienbl WBa (akTopa ToKapHoi obpadoTKH 
MeTAJIJIOB pe3aHHeM: pacceHBaeMasd TeMIlepaTypa H MOL{HOCTB 
HeoOpaTHMBIxX MpeoOpa30BaHHit B MaTepHasie W3eMa UM HH- 
cTpyMeHta. CTaTba MocBaAlleHa BOTIpocaM MaTeMaTHYecKoro 
MOJeJIMpOBaHHsA HX CBA3H. 

Mamepuanoi u memoovi. Marematuyecknit almapaT OcHOBaH 
Ha MoAM@uKalMu ypaBHeHua BosbTeppbl, KoTopad Mpennmoma- 
raeT HCMOJIb30BaHHe JByKpaTHOrO HHTerpasa. OH MOKa3bIBaeT, 
Kak BbIeIeHHad paHee Ip pe3aHHu TelIOBad XHEPrMa BIMACT 
Ha TekKyljee COCTOAHHe TeMMepaTypbl B 30H KOHTAKTa HH- 
CTpyMeHta c oOpaOaTEIBaemol jeTabro. B paboTte MoMHMO 
TipeqOxKeHHOM HOBOM Oa30BOl MaTeMaTHYecKOH Moe Mc- 
TIOUb3O0BaHbI pe3yIbTaTbl OOpaOoTKH 9KCIIeCpPHMCHTAJIbHBIX 
Ta@HHbIX O MOLIHOCTH HeoOpaTHMBIxX MpeoOpazsoBaHHi u 06 
W3MepseMOH TeMIIepaType B 30He KOHTaKTa MHCTpyMeHTa Cc 
TeTab¥o Tp TOKapHOM oOpaboTKe MeTasa. OKcMepHMeHTEI 
TIpoBowMIHcb Ha cTaHKe 1K625 u crenye STD.201-1. B makete 
Matlab Ona co3qaHa clieliMamM3upoBaHHasd MporpaMMa JIA 
oOpaboTKH MaccHBoB HHMopMallMH, OMMChIBAaFOWIMX MpOreccsl, 
TipotTekarollwe Mp pe3saHHu (CHIBI peakiMu, BuOpallMH HH- 
CTPyMeHTa H MOIINHOCTb HeoOpaTHMBbIX peoOpa30BaHuit). B 
93TOH %Ke TIporpaMMe BBINOIHeEH pacueT TeMMepaTypbl B 30He 
KOHTaKTa HHCTpyMeHTAa Hi JeTasM. 

Peszyaomamoi uccredoeanua. Ipopeyena mpollenypa mapamet- 
puyeckol HeHTHUKaLNU Mpezaraemoi 6a30B0i MaTemaTH- 
yeckol Moyemm. TlomyueHHad MOJeIb NWOKa3aIa BBICOKYIO CTe- 
TICHb OJH30CTH 9SKCICPHMCHTAIbHBIX JaHHbIX O COCTOAHHM 
TeMIlepaTypbl B 30HeE pe3aHHA HM MOJeIMpyeMOro ypOBHA TelI- 
JOBOH SHeEprHv, OAHaKO Ha HayasIbHOM y4acTKe H3MepseMOl 
TeMUlepaTypHOM 3aBHCHMOCTH pe3yJIbTAaTbI JBYX 39THX MOAXO- 
JOB He BIOIHe CormacytoTcd. ITO MOKHO OOBACHNT Torpell- 
HOCTbIO 9KCIICPHMCHTaIbHOrO W3MepeHHA TeMMMepaTypbl Ha 
OCHOBe OI[CHKH BbIpadaTbIBAeMOl TepMORIeKTPOABMKyIel 
cubi (TepMoDJIC), koTopaa tbopMupyetca B pe3syibTaTe OOpa- 
30BaHHA eCCTeECTBeCHHOM TepMonapbl B 30H KOHTaKTa HHCTpy- 
MeHTa H JleTasIn. 


Introduction. Two factors of metal turning are compared: the 
dissipated temperature and the power of irreversible transfor- 
mations in the material of the product and the tool. The paper is 
devoted to the issues of mathematical modeling of their link. 
Materials and Methods. The mathematical apparatus is based on 
the modification of the Volterra equation which involves the use 
of double integral. It shows how the thermal energy released 
earlier during cutting affects the current state of temperature in 
the tool-to-work contact zone. In addition to the proposed new 
basic mathematical model, the processing effect of the observed 
data on the power of irreversible transformations and the meas- 
ured temperature in the tool-to-work contact zone under metal 
turning are used. The experiments were carried out on 1K625 
machine and STD.201-1 stand. A specialized software tool for 
processing information arrays describing the processes occur- 
ring during cutting (reaction forces, tool vibrations and power of 
irreversible transformations) was created in the Matlab package. 
The same tool has performed the temperature calculation in the 
tool-to-work contact zone. 

Research Results. The procedure of parametric identification of 
the proposed basic mathematical model is carried out. The re- 
sulting model showed a high degree of proximity of the experi- 
mental data on the temperature in the cutting zone and the simu- 
lated level of thermal energy; but in the initial section of the 
measurable temperature dependence, the results of these two 
approaches are in rather poor agreement. This can be explained 
by an error of the experimental temperature measurement based 
on the estimate of the thermoelectromotive force (thermal EMF) 
output which is generated as a result of the dynamic thermocou- 


ple formation in the tool-to-work contact zone. 
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O6cyacdenue u 3axmouenua. UIpeniaraeMaa MaTemMaTH4ecKkad 
MOJeJIb TO3BOJIET ACKBATHO ONMCHIBaTb Mporecc mpeobpa3o- 
BaHHA MexXaHWyeckOli COCTaBIAIOIeH IHeEpruu pe3saHHuA B TeII- 
JIOBY!O COCTABIIAIOILY!O Yepe3 WOKa3aTelIb CYMMapHOii BBIeIA- 
e€MOii MOINHOCTH MexaHHyecKOro B3aMMOseliCTBHA B 30HE pe- 
3aHHa 3a BCe BpeMa OOpadoTEH. 
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Discussion and Conclusions. The proposed mathematical model 
enables to adequately describe the conversion of the mechanical 
component of the cutting energy into the thermal component 
through the indicator of the total output power of the mechani- 


cal interaction in the cutting zone for all the processing time. 
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Breyenne. Temopble mpoleccal, mpoTeKaroljve pu oOpaboTKe MeTaJJIOB Ha MeTAaWIOpeKYIIMX CTaHKax (KaK 
B MeTasWlax, Tak HW B JPyrHx cpefax), ABJIAIOTCA CJIOXKHOOMMCHIBACMBIMH. Mx aHasM3 OCHOBaH Ha ypaBHeHHH Ter10- 
mpoBosHoctu Mypse [1]. B crysaax, cB13aHHBbIX C OOpadoTKON MeTasIOB pe3aHHeM, HY2KHO MMeTb IIpejcTaBIeHHe O 
TeMIlepaType B 30H€ KOHTaKTa HHCTpyMeHTa HU OOpabaTEIBaemoli AeTamM [2—5]. IIpu stom HeT HeOOXOAMMOCTH KOH- 
TPOJMpOBaTb paciipoctpaHeHnue Tela 3a UpeesaMu JaHHOH 30HbI, TaK KaK Ha yCJIOBHAX OOPaOOTKH 3TO He CKa3bIBa- 
etca. AHasIOrM4HbIe paccyKeHHA MOX%KHO TIPpHMCHHTb K ApyroMy WHPOKO paciipoctpaHeHHOMy MeTOsYy onMcaHHa 
TEIWIOBbIX IIPOMeccoB, KOTOPbIM yAHTbIBaeT (POPMUpOBaHHe HCTOKOB H CTOKOB Telia B AetTaH [6]. Take TOAXObI He 
TO3BOJIAIOT MCHONb3OBaTb JMHAMUKY Tpolecca pe3aHHA B OMMCaHHM BO3HMKAIOIMIMX TeIMJIOBbIX ABJICHHM B 30HAX KOH- 
TakTa UH CO3JaTb CHCTeMy ypaBHeHHh, IIpescTaBIAIOWUX MpeoOpa3s0BaHHe MexaHH4eCcKOl IHEPrHu B TeIMJIOBYI0. 

IIpu onmeparuax c MeTasIaMM Ha MeTasIOpexyIIMxX CTaHKax HeoOpaTuMble WpeoOpa30BaHHaA B eTasIM U WH- 
CTPyMeHTe BBbI3bIBAIOT IIPOH3BOACTBO Tera, KOTOpOe, COracHO BTOPOMy 3aKOHY TePMOAMHAMUKH, pacceHBaeTCA B 
lpoctpauctBe. TersioBble Mpolecchl B MeTasIax Ooee MHEPIMOHHEI, YEM THHAaMHKa Wpolecca oOpaooTKu, MOITOMY 
paccenBaHne NpooOMKaeTCA WOCTATOUHO JVIMTebHOe BpemMa. CaMo MpOM3BOACTBO Tela B paCCMaTpHBaeMOM CJry4ae 
CBA3aHO C MOLJ[HOCTbIO HeOOpaTHMBIX mpeoOpa3zoBanni [11], KoTopad 3aBHCHT OT BeIMYHHbI CHI peakHH Ha PopMo- 
oOpa3yrolyjve ZBMWKeHHA HHCTpyMeHTa [2—5] B 30He KOHTaKTa Cc JeTambi1o. I[pu 9TOM NPOM3BOACTBO Tella ABIIACTCA 
OCHOBHbIM Me€XaHH3MOM pacceHBaHHA BbIAeICHHOM 3Hepruu UpeoOpazso0BaHua MaTepuasos [12]. 

J\uHamuka polecca pe3aHHaA UM BOMpPOCbI ee MOJeMPOBAHHA HalpAMy!O CBA3AHBbI C MpecTaBeHHveM CHI U 
peakyMii B KOOpaMHaTax cocTosHHA pouecca. B 9ToM cylyyae, Kak 1paBHJIO, YIMTHIBACTCA TOJIbKO MeXaHHYecKasd CO- 
CTaBJIAFONIad, YTO BUHO U3 3apyOexHBIXx [13-18] Hu oreuecTBeHHBIX padoTt [19-21]. Takum oOpa3om, IesecoobOpa3Ho 
BBeCTH B MOJeJIHMpOBaHHe JHHAMHKH TIpoleccoB OOpaooTKH MeTaJIIOB KOOPAMHATHI, ONMCbIBaIOWIMe H3MeHeHHe TeM- 
TlepaTypbI B 30He KOHTaKTa HHCTpyMeHTa HU eta Yepe3 yueT HeoOpaTUMBIx Npeobpa3zo0BaHnit. Tako MOAXO 103B0- 
JIMT KAYECTBEHHO MOBBICHTb aJ[eKBATHOCTb MCHOUb3YeEMOrO MaTeMaTHYeCKOrO almapata. 

Marepnasibi 1 MeTOIbI 

OGocHoBaHHe MaTemMaTHUeCKOn MOeIM. Criuibl, IpenaTcTByIOWlMe BHeApeHHIO HHCTpyMeHTa B MaTepHas 
oOpabaTbIBaeMOM JeTaIM, HMeCIOT CIOXKHOe MPOCTpaHCTBeHHOe pacioOx*KeHHe B CHCTeMe KOOPAMHAaT, CBA3AHHOM C 
ocamMu jedopMayuu wAcTpyMeHta. B muTepaType, MOCBALeCHHOM aHasIM3y CHI peak, BOZHUKAaIOWIMX B 30HE pe3a- 
HHA, IpHHATO pa3OKeHve Tako peaklMu Ha coctaBlaromnMe [4—6, 10, 19-21]. B paccmarpuBaeMom Hamu cylyyae 
OYAYT ciIpaBeAUBEI Ce AyIOWMe COOTHOMICHHA MEXKTY COCTABIAIONIUMH cu peaxyun [5]: 


2 2 2 
R=,|/P2 +P? +P, (1) 


Tye R— oomrast CHJIOBaA peakKWHA CO CTOPOHBI lipolecca pe3aHuaA Ha cbopmMooobpa3yrome ABYWKCHUA UHCTPyYMeHTa, P. 
— TipoekwHa CHJIOBOM peak Ha OCb PyaBHOTO BpallaTesJIbBHOTO TBYKCHHA pe3aHHA B HalipaBJICHHH WOWadqH; P, = 


TIpoOecKUHA CHJIOBOH peak, HalipaBsIeHHadA lO pawWycy TlaBHOro BpallaTesIbBHOrO ABMWOKCHHA pe3aHHA B BepHIMHe pe- 
3aHHA; P, — Hpoekwnsa CHJIOBOH peak Ha OCb, COBMaaroulylO CO CKOPOCTbIO TlaBHOTO ABHOKCHHA B BeCpLINHe HH- 


CTpyMeHta. 
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CooTHomleHHa MC*K]Y BBCCHHbBIMH CHJIaMu PPE, 3aBHCAT OT MHOTHX (bakTOpos: TeOMeTpHA pe3ila, CTe- 


MleHb W3HOca pesia UT. A. [4]. Tax, B [5] mpH oOpaborkKe ocTprIM pe3ilomM c Mapametpamu y = 15°, p= 45° HA =0° co- 
OTHOLeHHe B CpeyHeM paBHo 
P,, P,, P. = (0,3 — 0,4), (0,4 — 0,5). (2) 
AHaJIOrM4Hble paccyxXeHHA MO%KHO TpoBecTH TO aHasIM3y CKOpOcTeH OTHOCHTeILHOTO JBHXKeCHHA HHCTpy- 
MEHTA BOI OOpabaTHIBAeMOH eTaIM UM WOMYIMTb OOMLy!O CKOPOCTb Takoro JBWKeHUA: 


y= 2+V2+V2. (3) 


C yueTOM ITHX paccyxqeHuit Ope esIUM MOUHOCTb HeoOpaTuMBIx IIpeoOpa30BaHul: 


Be 2 2 ff,2 2,772 
N=fPOtP th PVE tvy tv". (4) 


Jjonyctun, 4TO IIPOH3BOACTBO Telia IpH pe3saHHi B MeTaJIIOpexKyMINx CTaHKax JIMHeHHO 3aBMCHT OT 3HAaAde- 
HHA MOULHOCTH HeoOpaTHMBIX lipeoOpa30BaHnit: 
Ty =kpN . (5) 


3necb T, — BeNM4MHa, ONMCbIBAaIOMIad MpupallleHuA TeMMepaTypbIl B 30He pesaHHA (°C); kp — Kxosppunvent cas30 


MK LY MOLWIHOCTbIO HeOOpaTHMBIxX MpeoOpa30BaHHii B 30He pe3saHHA HW BEIMYMHOM MpMpalleHHA TeMIOBOM 9HEprHun B 
30He KOHTaKTa MHCTpyMeHTa M eta pa3MepHocrsio c°C/Hm. OgHako oOmiee 3HadeHHe TemMIlepaTypbl B 3aaHHBIli 
MOMEHT BPeMEHH MH B 3a{aHHOM 30He KOHTaKTa HHCTpyMeHTa HU JeTaH OyAeT OMpeeNATbCA He TOJILKO TeKYIHM 3Ha- 
yeHHeM lipupocta Tensia. B cBa3H C pacceHBaHveM Telia B MaTepMasie WeTaM MU HHCTPyMeHTa CJleqyeT YAHTbIBATb 
BUIMAHHE: 
— MOLJHOCTH HeoOpaTuMBIx peodpa3z0BaHHii 10 BCeMy IIpeAbIyuemy IyTH, 
— BpemeHu oOpadoTKH u3qeuHA. 

IIpegctapum cede oOpabortky B BUe HeKOTOpOoro AMCKpeTHOrO rpaduKa mpouecca, rye N(n) — Texyulee 3Ha- 
YeHHe MOLIHOCTH HeOOpaTHMBIx TpeoOpa30BaHni; L(n) Texyljee 3HayeHve MyTH, MpOMAeHHOrO HHCTpyMeHTOM Tipu 
oOpadotTke; ¢(7) — TeKyuee 3HayeHHe BpeMeHH OOpaboTKu. CormacHo (5), B KaxKJOM paccMaTpHBaeMol TOUKe MC- 
KpeTHOro rpaduka mporecca oOpadoTKn OyjeT BbIAeeHO IIpHpalleHue Telia, IpOMOpUMOHaIbHOe MOWHOCTH HeoOpa- 
THMBIX IIpeoOpa30BaHHit B ITOH TOUKe MpocTpaHcTBa HW BpeMeHH. Tekylee 3HaveHHe TeMIepaTypbI B TOUKe nm OyeT 
OnpeeATbCA Kak TIPHPOCTOM Tella B ITOH TOUKe, TAK M BJIMAHHEM TIPHpOCToB TeMMlepatypbl, IpOHCXOAMBIIHX paHee 
Ha IlyTH, IpoMAeHHOM MHCTpyMeHToM (L) Bo Bpema oOpaborKu (f). C yBemm4ueHHeM BpeMeHH MU IpoMAeHHOrO MyTH 
ocmaOeBaeT BIIMAHHE 3THX PAKTOPOB Ha Mpouecc BbIPAOOTKH Tera B paCCMaTpHBaeMOM 30HE KOHTAaKTa, MOITOMY JIA 
MaTeMaTHYeCKOrO OMMCaHHA yROOeH MOAXOT, OCHOBaHHBIM Ha MCIMONb30BaHHU OMepaTopa BombTeppbl BTOporo pola 
[10]. Ero HeBo3MO2%KHO TIpHMeHHTb HallpsAMY!O H3-3a CIOKHOCTH OMMCAHHA pacripocrpaHeHHA Telia B MeTasIIaXx, T0- 
9TOMY B KayecTBe 6a30B0 MOJeIM IPHMeM MYJIBTHIWIMKATHBHBIM KpHTepHii OMCHKU BIIMAHHA NpeAbIAyWero mpupocta 
Telia Ha Tekyljee 3HadeHHe B BUC JBOMHOTO MHTerpasa: 

T, =, +k [f wp (y-Lyy -ONG dyn. (6) 
D 

3necb T, — 3Ha4eHHe Tella B 30H KOHTaKTa HHCTpyMeHTa MH OOpadaTEIBaemMoli Weta; ©, — Temlepatypa oKpy- 
*Karowlel cpesbl; w,(y—L) — spo oneparopa, xapakTepH3yrollee BIIMAHHE BbITeeHHOM paHee MOLHOCTH Heoopa- 
THMBIX lipeoOpa30BaHuii 10 IyTH OOpadoTKH Ha TeKyljee 3HaYeHHe TeMUepatypbl; w,(1—f) — Apo onepatopa, xa- 
pakTepH3yrollee BIIMAHMe BbIAeIIeHHOM paHee MOLHOCTH HeoOpaTHMBIXx MpeoOpa30BaHHit 10 BpeMeHH OOpaboTKH Ha 


Tekyiusjee 3HaYeHHe TeMMepatTypsl; D — oOnactTb MHTCIrpupoBaHHsA, XapakTepH3yrollad WpOCTpaHCTBCHHO-BpeCMeCHHOe 
paccenBaHHe Tella; Y HMeCeT pa3MepHOCTb paCCTOAHHA, M; 1) —— HMCCT pa3MepHOCcTh BpeMeHH Iipowecca oOpadorTKH, 


c. Camu sjipa HHTerpasIbHOrO OllepaTopa IpesCTaBIIAIOT COOOM Oespa3MepHbie KOIPPUUHeHTHI YCHIeHHA. 
Vinterpalbybiii onepatop, MpesxcTaBJIeHHbIl B BAe TBOMHOrO MHTerpasa (6), MOXKHO CBECTH K KpaTHOMY HH- 
Terpally cyleyyrousero Bua: 
L(t) t 


T, =O, +kp f wz (y—-L) dyfw-)N()dn. (7) 
0 0 


IIpotiqeHHblit MHCTPpyMeHTOM IlyTb ABIAeTCA (PYHKIMelH BPeMeHH, T. K. KAKIOMY 3HaYCHHIO BPeMeHH MO?KHO 
MIOCTaBHTb B COOTBETCTBHe 3HadeHHe NpoAeHHoro NyTH. CreqoBaTesIbHO, MOAXo (7) ciipaBexIHB. 
B kauyectBe sjjep NpezoxKeHHOrO B (7) HHTerpasIbHOrO OlepaTopa YAOOHO HCHOb30BaTb IKCIOHCHUMAJIBHbIC 
(PyHKUMH colezyroujero Bua [10]: 
wi(y-L) =e 
w(n-t)= emt) ” 


THE 1, 02 — MacilTaOupyromme TlapaMeTpbI HHTerpasIbHOrO ONepaTopa, NOATeKalHe WqeHTHpUuKAalMN. 


(8) 
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Takum o6pa30m, IpesoxKeHHBIM B (7) HHTerpasIbHbI OllepaTop UpHMeT CeLyIOWMMi BUT: 
L(t) t 
T, =O, +kp [ eddy ee NM)dn. (9) 
0 0 
OTOT OllepaTop UMEeeT pellieHve Id CTalMOHAapHO"O CiLy4asd, KOra MOLHOCTb HeoOpaTuMBIx Npeobpa30BaHHlt 
ABJIACTCA NOCTOAHHOM BeEIMYMHOK No = N(f). 


kr No 
Qj Og 


T, =, + (-e *ya—e My. (10) 


Kak BuyHo 3 (10), npu cTaljMoHapHoM Mmpolecce oOpaboTKH TemMepaTypa B 30HE pe3saHHA IKCMOHEHUMAIbHO 
HapactTaeT C HayaJIbHOrO 3HayeHHA ©, JO HEKOTOPOFO KOHCYHOYO 3HAYeHHA, paBHOroO: 


krNo 
Oj : 


T, =O, + (11) 


Ilpowmmoctpupyem 93TH paccyxgeHua, 3aqaB ©, =25 °C; kp=0,0026 c°C/Hm; a, =0,03; a =0,01; 
No =20 Hm/c (puc. 1). 


Tz(C°) 


L(w) 





Puc. 1. Peanm3arua Tipowecca CTauMOHapHoro HapacTaHHA TeMIlepaTypbI B 30HE pesaHHa 


Kak BugHo u3 puc. 1, cTalMoHapHBI TemIoBol Mpolecc B 30He pe3saHHA HapacTaeT IKCIMOHCHUMAIIbHO HU, O- 
CTUFHYB HeEKOTOPOrO paBHOBeCCHOTO COCTOAHMA, OObIIe He W3MeHAeTCA. PeasbHbIle MpOlecchl, MpoTeKarolue B Me- 
TaIIOPOXKYWIMX CTAaHKaX, He ABJIAIOTCA CTaljMoHapHBIMH [11-12]. Ucxoga u3 sTux cooOpaxeHHit, mporecc, mpeyzcTaB- 
JICHHBIM Ha puc. 1, MOxKHO paccMaTpHBaTb Kak JBMKeHHe, K KOTOPOMY B YCTOMYNBOM Cilydae CTpeMHTCA TeMIlepatypa 
30HbI KOHTaKTa HHCTpyMeHta u feta. pu stom ypaBHeune (10) aBiaeTca MopoxKTalolluM ypaBHeHHeM Ia MHTe- 
rpasibHoro orepatopa (9). 

Pe3yIbTaTbi Hcc1e,OBaHnA 

Tlapamerpnueckan HAeCHTH@UKAaALINA MOJeIM 10 XKCHeEPHMeHTAaAJIbHbIM AaHHLIM WH ATOrM MOjeIMpoBa- 
Hua. [It WapaMeTpuueckol UeHTUPUKAaWU MOC MpoBeeH HaTyPHbIi IKCIIePHMeHT Ha TOKapHOM cTaHke |K625 
C yCTaHOBJICHHBIM cTeHyOM STD.201-1. Creny mpeaqna3Hauen Wit M3YYeHHA THHAMW4eCKHX H TeTMJIOBbIX IIpOeccos, 
TIpoTeKarollHx IIpH pe3saHH MeTAaJIJIOB Ha TOKApHbIX CTaHKax B pa3JIM4HBIX pexKHMAaX. 

OcHOBHOM eJIbIO 3KCIIepHMeHTa OBIIO HCcIeqOBAaHve BIIMAHHA JMHAMMKU pe3aHA Ha TeIJIOBbIe MPOIeCchl B 
30HE KOHTaKTa HHCTpyMeHta u Weta. loa u3MeHeHHeM JMHAaMHKH pe3saHua NOHHMaeTCaA B3AMMHOe BIIMAHHeE M3HOCA 
MHCTpyMeHTa H Iipolecca pe3saHHaA, CBA3AHHOe C BO3HUKalollel B 30He pe3saHua CHIIOBON peakuHei. U3mepenue 9ToH 
peakIIMM HU TeMIepaTypbI Yepe3 TepMOIICKTPOABWKyIy!O cy (TepMoDJIC), dopmMupyemMyto B 30H KOHTAKTa HH- 
CTPYMeHTA H J[eTasIM, MO3BOJIAeCT OL|CHHTb BIIMAHHe JHHAMUKM pe3aHiA Ha TeIVJIOBBIe MIPOMecchl B yKa3aHHO 30He. 

Bo BpeMal dKCIepHMeHTa BBITOJHAIOCh HellpepbiBHoe TOYeHHe AeTamM Tuna Ball. IIpu 3TOM coxpaHsAsIucb BCce 
TapaMeTpbI OOpaOoTKH VM OCYINeCTBIAICA KOHTPOJIb W3MCHCHUA CHJIOBOM peaKIMH CO CTOPOHBI mpolecca pe3aHua. 
YcuIOBHA HM OCHOBHEIC Pe3yJIbTATHI IKCIIEPHMeHTa MOAPOOHO onHcaHsl B [22]. 
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JlaHHble, MOUyIeHHEIe B pe3yJIbTAaTe HATYPHOTO IKCICPHMEeHTA, HOCAT AHCKPeTHbIM XapakTep, CJIeOBaTeJIbHO, 
K HMM HeJIb31 HalpAMYIO IIPHMCHHTb MOJelIb, IpeACTaBICHHy!0 HHTerpasIbHbIM onepaTopom (9). Ilo stoi mpHunne 
IIPHXOJUTCA BUOM3MCHHTb Oa30ByIO MAaTeMaTHUECKYIO MOJCJIb, ONMCbIBAIOWYIO JMHAaMKYy TeMJIOBbIX IIPOLeCcoB B 
KOHTaKTe HHCTpyMeHtTa u Aetamn. J[a Hauasia OCTABMM B pacCyKJCHUAX TOKO WICH HHTerpasbHOTO OMepaTopa, 3a- 
BUCA OT MOLHOCTH HeoOpaTuMBIx MpeoOpa30BaHHi: 


L(t) t 
TN =kp } et dy eM) N(n)dn. (12) 
0 0 


Tak kak SKCICPUMeCHT yxKe NpOBe eH, TO BNeCMA CrO OKOHWAHHA tr WM COOTBCTCTBYFOMICe STOMY BPCMCHH 3Ha- 
qeHHe NYT L(t) ABJIAFOTCA TIOCTOAHHbIMU BeJIMUNHAMH. CueqOBaTesIbHO, OyneT CUpaBeJIMBO BbIHeCTH IKCIIOHCHTHI 


¢ 9THMM 3HaveHHAMH 3a TIpeesIbI HHTerpasloB: 
L(t, ) t, 
TN = kpe eh We oh eld | e"N(n)dn . (13) 
0 0 
IIpumem, 4To cylecTByeT HEKOTOPOe JMCKPeTHOe MHOXECTBO PacueTHBIX 3HAYCHHM MOLMIHOCTH HeOOpaTHMBIX 
npeoOpa3s0BaHHii, MOyYeHHBIX B pe3yIbTAaTe aHasIM3a JMCKPeTHOH IKCHepUMeHTaIbHO UHdopMallwH O WHHAMUKe 


lpouecca pesanna, TO ectbh N(t) = Ny, No, N3, Ng... Ucxoga v3 9TOrO, HHTerpasIbHbI onepatop (13) mpumerT Buy 
cnleyyyrouyeli CyYMMBI: 
i t, E t, 
TN = kpe th We Mh (Ny, } eldy[e%Mdn +N } ody [edt S 
L, t, ° : z t, a. : (14) 
+N; } eVdy| e"dn+ Ng } ody [edn + silbeees ] 
L, t, L, b 


CyenaB yomyujenue N, =0, nozy4HM oKoHYAaTesIbHOe pellleHve [id CiLyyas, OMMCbIBAeMOrO BbIPaxKeHHeM 
(14): 
rN = kee er [N59 (cE) — ALG) (gals — ph 4 er 
wis (15) 
= +N3 (e%EG) — pMbG) (eh _ phy 4... ] 
Bripaxenue (15) o4eHb yqOOHO Aa OOpaboTKH OObIIMX MaCCHBOB JMCKpeTHOM HHdopMalluu O mporecce 
pe3aHua. DakTH4eCKH pedb UCT O B3BCIICHHOM OTHOCHTeIbHO KOHCYHOLO 3HaYeHHA CYMME MOIINHOCTel HeOOpaTuMBIX 





TipeoOpa3o0BaHnit. 

PaccMOTpHM TOJIBKO OHH 3KCICPHMeHT M3 CepuH, Ip KOTOPOM H3HOC M0 3aHel MOBEpXHOCTH HHCTpyMeHTa 
oTcyTcTBoBan. B cieqytoulMx cy4aax MeHAMIACh H3HOUICHHOCTb HHCTPyMeHTA, a 3HA4HT, U AMHaMukKa Mmpolecca (Kak c 
MexaHu4deckoli, Tak H C TePMOAMHAMU4eCKON TOUKN 3peHHa1). OTMeTHM, 4TO MOJYYeHHbIe B 9TOM 9KCIeEPHMMeHTe pe- 
3YIbTAThI OOOOMAOTCA AIA BCCX OCTAJIbHBIX CIIYUaeB, OAHAKO OOBEM CTATbH He MO3BONAeT HX pacCMOTpeT. 

Peakljua CO CTOPOHEI Mpotecca Ha (bopMooObpa3yrolive TBWKEHHA MHCTPyYMeHTAa BAOb OCH X MpeycTaBeHa 
Ha puc. 2. 
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Puc. 2. Peakiua co CTOPOHBI Wpowecca Ha dbopmooOpa3yromie ABYWOKCHHA HHCTPYMeCHTa BY{OJIb OCH X Ha He€PBOM IMlare SKCIICpPHMeCHTa 
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Kak BHHO u3 puc. 2, peakuua Ha PopMooOpa3yr1olve ABHKCHHA MHCTPyMeHTa IIpH TOKapHOH OOpaboTKe HO- 
CHT CYHJeCTBCHHO HeCTalMOHapHbIi XapakTep, HO Ip 3TOM HaOsmHOAaeTcA OMpeeeHHOe IpUTArMBaloljee MHOTooOpa- 
3H€, BOKpyr KOTOporo H MpOHCXOAUT BO3MYIeHHOe ABYXKeHHe HHCTpyMeHtTa. AHaJIOrH4HO TpeycTaBIeHHOMy Ha 
puc. 2 cylyyaio B 9KCIepHMeHTe MOJYYeHbI peakWHU Ha POpMOOOpa3yIOMIHe ABHKCHHA MHCTPYMEHTA BAOJIb OCTAJIbHBIX 
oceit. Kpome Toro, JocTymHa HHopMalHA 06 ycKOpeHHAX MHCTPyMeHTa OTHOCHTeIBHO OOpabaTEIBaeMOro U3AeIHA. 
Viuterpupopanne 9THX JaHHbIX C YHCTOM M3BECTHBIX JICEMCHTOB pe3aHHA MO3BOIIMJIO MOMYYHTb 3HaYeHHA CKOpocTel 
oOpadOoTKH UH IyTH, MpoleHHOrO HHCTPyMCHTOM BAOJIb OOpabaTEIBaeMOl eTAaIH. 

B naxete Matlab Onma co3qaHa cnelMarM3HpoBaHHad WporpaMMa Jd OOpadOoTKH MaccuBoB MHdopmalnn, 
ONMCBIBaIOLIMX IIpOLecchl, IpoTekarollMe Np pesaHun (CHJIbI peakUMU, BHOpalluH MHCTpyMeHTa MH MOLIHOCTb HeoOpa- 
THMBIX T1peoOpa30BaHHi). B sro xe IporpaMMe BBIMIOJHeH pacueT TeMIepaTypbl B 30He KOHTaKTa MHCTpyMeHTa UH 
qetanu m0 (15). Tlapametpsi Moyen mpeyctaBieHsl B Tao. 1. 








Taodsmua | 
Ilapamerpsi uqeHTHpULMpOBaHHOM Mose 
Qty Ol ky c°C/HM @,°C 
0,00099 0,00078 0,000159 24,8 




















Ha puc. 3 npeycTaBieHbl pe3syIbTaTbI MOJeMpOBaHHA BbIpaxKeHua (15) c yaeTom napamMeTpos TaOu. |, a TaK- 
2Ke 9KCICPMMECHTAJIbHO H3MepeHHasd XapakTepHCTuKa. 
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Puc. 3. CpapHenne pe3yJIbTaTOB, MOJTYACHHBIX B SKCIICPHMCHTe HW pacCuHTaHHsix MO MOJCJIM 


ConoctapieHue puc. 3 u puc. 2 NoKa3bIBaeT, YTO H3MepeHHoOe 3HaueHue TeMMepatypbl pH Bpe3saHHu UHCTpy- 
MeHTa B JeTaslb yBeslMuMBaetca c 25 °C (Temmepatypa OKpy2Katolleli cpezbI) 40 330-340 °C. CormacHo qaHHbIM puc. 3, 
cHayasla HaOmOaeTca Ooee ObICTpbIii pOCcT U3MepsAeMOrO 3HAYeHHA TepMODJIC, a B KOHIe Mporecca TepMoIJIC cra- 
OusM3upyetTca. ITO OOBACHAeTCA TeM, YTO Ha cTeHye STD.201-1 usmepsetca He cama TeMIepaTypa B 30HE KOHTAaKTA, a 
TepMoDJIC ecTtecTBeHHOM TepMorapbl, OOpa3syeMOl B KOHTaKTe HHCTpyMeHTa HM Weta. B Hauase 3KCMepHMeHTa H3-3a 
pe3Koro cKauka TeMIlepaTypHBbIX rpaqveHToOB TepMODJIC NoKa3bIBaeT CUIHMIKOM OOO HU ObICTpbI pocT Temmepa- 
TYPBI, a 3aTeM, 10 Mepe pacxoOxK JeHHA TEMMepaTypHbIX TpayqHeHToB cTaOuM3HpyeTcA. ITOT 9¢(exKT WIMPOKO U3BECTeH. 
Hanpumep, B [5] cxa3ano: «Metoy ecTecTBeHHOM TepMonapbl HeHayexKeH, TaK Kak TeMIlepaTypa pe3aHua cTaOMIIN3H- 
pyetca B TeveHne 2-3 c». 

C TouKH 3peHHA JHHaMUKUM, H3MeHeHMe TemMIlepatypbl (puc. 3), MomyYeHHoe B pe3yIbTaTe MOJeMpoBaHHA 
BbIpaxeHua (15), OmM3KO K IpolleccaM, MpoTeKaroljuM pH pe3saHuu (puc. 2). Ha rpapuke BuyeH mMpozomKaromulica 
pocT TeMilepatypbl, OOyCNOBICHHBIM MpOAOJpKalOWMMcA POCTOM cH peakyHH (puc. 2). Take rpapuk oTparxkaeT Bce 
WMHaMvyecKve OCOOeHHOCTH Mpolecca, B TOM YHCIe MaOaMIVIMTyAHble ckauKH cu. M3 sTorO MOXKHO CyeaTb Cie- 
TYIOWMH BbIBO: MpewiaraeMad MOJeb Oomee TOUHO OMMCbIBAeT H3MCHECHHA TeMIepaTypbl pe3saHua, 4YeM aHHBIe 
ecTeCTBeHHOM TepMonapsl. Takxe 43 pic. 3 sACHO, 4TO MOJesIMpyeMad XapaKTepHCTHKa, OMMCbIBAaIOWlad H3MeHeHHe 
TeMilepaTypbl B 30HE pe3aHHA, B WeJIOM KAYCCTBEHHO COBMAaaeT C IKCICPHMCHTAaIbHOM 3ABHCHMOCTbIO. OKCIIepHMeH- 
TajIbHat H MOJeIMpyeMad XapakTepHCTHKN HavOoslee NOHO coBMaqaioT Mocwe cTaOvIM3alMu Mpolecca pesaHHa, B 
lpegemax 15-24 cexyuy. 
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Odcyx«jenne H 3aKMO4eHHA. Mtorn uccieqOBaHHA JaoT OTBCT Ha BOIpOC, KAKHM 00pa30M MOXKHO OONTECA 
aJeKBaTHOTO SKCHEPHMECHTAJIbHBIM JAHHbIM OMMCaHHA HaCIeqCTBeHHOTO XapakTepa Mepeqaun MW HaKOIVICHHA Tera B 
Tiporecce OOpaOoTKH MeTasII0B TOUeHHeM. C 9TOM LebIO HEOOXOAMMO CMOJeMpOBaTb TeMIepaTypy B 30He KOHTaKTa 
MHCTpyMeHTa H leTasIM Ha OCHOBaHHH TpesIOwKeCHHOTO MOAMPHUMpOBaHHOrO OMepatTopa BosbTeppsl. 

C HaydHoi TOUKH 3peHHA, HaMOObIIMM MHTepec MpecTaBAeT mpewiaraemad Oa30Bad MaTeMaTHYeCKad MO- 
Jeb U pe3yIbTATbI Ce UACHTHPUKALHU Ha OCHOBE IKCIICPHMeHTa M0 peaIbHOli OOpadoTKe MeTaIOB. 34ecb HaOsIOa- 
eTCA BbICOKad CTeleHb COBMATCHHA MOJCIMPYeMBIX 3HAYeHHH TeMOBOM SHEprMu B 30HE KOHTAKTa HHCTpyMeHTAa u 06- 
paOaTbIBaeMol JeTaIM B WepHoy ycTaHOBHBIerocsa Iporecca oOpaoorKH. 
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